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BIOMATERIALS  RESEARCH  IN  WEST  GERMANY— 
AN  ASSESSMENT 

1  INTRODUCTION 

West  Germany  is  one  of  the  most 
agressive  countries  in  Western  Europe  in 
research  and  technology.  This  is  not  by 
accident,  as  programs  have  been  purpose¬ 
fully  designed  to  overcome  a  perceived 
lag  in  research  going  back  before  the 
beginning  of  World  War  II.  In  this 
report,  I  will  first  examine  some  of  the 
elements  of  the  research  support  struc¬ 
ture  of  West  Germany,  with  particular 
emphasis  on  biological  and  medical  sci¬ 
ences.  Then,  I  will  attempt  to  give  an 
overview  and  assessment  of  the  current 
research  in  biomaterials. 

As  in  most  countries  of  the  Western 
world,  research  in  West  Germany  is  con¬ 
ducted  in  three  major  sectors:  the  uni¬ 
versities,  nonuniversity  institutions, 
and  industry.  Besides  the  usual  situa¬ 
tions  of  university  scientists  working 
as  researchers  and  lecturers,  there  are 
a  few  Instances  where  small  institutes 
have  been  formed  within  universities, 
and  individuals  are  able  to  carry  out 
research  without  the  extra  burden  of 
lectures. 

There  seems  to  be  no  good  estimate 
available  on  the  amount  of  money  actual¬ 
ly  spent  on  research  each  year  in  West 
Germany.  Research  and  teaching  at  the 
universities  and  research  development  in 
industry  are  so  closely  linked  that  it 
is  impossible  to  identify  the  expendi¬ 
ture  that  goes  only  to  research.  It  is 
clear  that  the  figure  is  well  over 
DM35  billion  ($11.3  billion).  Apparent¬ 
ly,  half  of  this  money  comes  from  pri¬ 
vate  industry  and  half  from  the  state. 

By  "state"  is  meant  not  one  central 
government  but  a  number  of  more  or  less 
autonomous  agencies.  The  universities 
are  self-governing,  and  the  federally 
financed  large  science  centers  work  by 
and  large  independently.  There  are  a 
number  of  ways  in  which  public  monies 
flow  into  research.  One  of  these  is 
through  the  German  Research  Society 
(Deutsche  Forschungsgemeinschaf t ,  DFG) . 


The  DFG  is  the  central  self-gov¬ 
erning  organization  of  science  and  the 
humanities  in  West  Germany.  It  is 
charged  with  promoting  all  areas  of 
science.  Thus  it  supports  research  In 
every  disclipline,  especially  basic  and 
applied  research  as  practiced  in  the 
universities  and  technical  academies. 
The  DFG  pays  particular  attention  to 
support  of  Investigators  who  have  re¬ 
ceived  the  doctorate  within  the  past 
5  years.  In  its  promotion  of  research, 
the  DFG  funds  individual  projects,  coop¬ 
erative  programs,  central  research 
facilities,  etc.  There  are  also  grants 
for  training  and  travel,  especially  for 
young  investigators  who  are  not  yet 
established  in  their  field.  Special  col¬ 
laborative  programs  have  been  establish¬ 
ed  which  involve  groups  of  scientists 
who  have,  with  the  approval  of  their 
universities,  combined  their  efforts  so 
as  to  pursue  joint  research  in  areas 
where  the  respective  universities  recog¬ 
nize  a  focal  point  of  activity  that 
calls  for  long-term  support.  These  pro¬ 
grams  aim  at  concentrating  personnel  and 
facilities,  planning  and  coordination  of 
research  within  and  under  the  supervi¬ 
sion  of  the  universities,  and  interdis¬ 
ciplinary  cooperation. 

In  addition,  the  DFG  supports  re¬ 
search  by  funding  scientific  libraries, 
providing  computers  for  data  processing 
centers,  providing  general  scientific 
apparatus  for  laboratories,  and  review¬ 
ing  applications  for  equipping  research 
centers  within  the  framework  of  the  law 
for  improvement  of  university  facili¬ 
ties.  The  DFG  also  represents  German 
science  on  the  international  level.  It 
coordinates  and  finances  the  German 
share  in  major  international  research 
programs . 

Like  the  US  National  Academy  of 
Sciences,  the  DFG  provides  a  broad  range 
of  advice  on  scientific  matters  to  vari¬ 
ous  government  authorities.  It  has  a 
large  number  of  commissions  and  commit¬ 
tees  of  experts  that  furnish  basic 
information  for  use  in  making  laws 
involving  the  environment  and  public 
health. 
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In  summary,  Che  DFG  appears  to  com¬ 
bine  aany  of  Che  functions  of  the  Na¬ 
tional  Science  Foundation,  the  National 
Academy  of  Science,  and  the  National  In¬ 
stitutes  of  Health  in  the  US.  In  1984, 
the  OFG  had  a  budget  in  excess  of 
DM900  million  ($290  million),  of  which 
more  than  55  percent  went  directly  to 
support  young  scientists. 

In  contrast  to  the  DFG,  a  pure 
fund-distributing  organization,  the  Max 
Planck  Society  for  the  Advancement  of 
Science  (Max-Planck-Gesellschaf t  zur 
Forderung  der  Wissenschaf ten,  MPG) 
actually  operates  its  own  institutes,  50 
in  all.  Most  of  these  institutes  con¬ 
duct  basic  research  in  the  natural  sci¬ 
ences  and  many  have  been  world  renowned 
for  decades.  The  MPG  is  financed  pri¬ 
marily  by  the  federal  and  local  govern¬ 
ments.  However,  a  number  of  projects 
are  supported  through  grants  and  con¬ 
tracts  from  industry  or  foreign  govern¬ 
ments.  The  MPG  is  known  throughout  the 
world  for  the  excellence  of  its  re¬ 
search. 

The  Max  Planck  institutes  devote 
their  attention  to  new  problems  which 
are  not  yet  sufficiently  developed  for 
university  research  or  less  suited  for 
the  university  environment  because  of 
size  and  nature.  Most  of  the  activities 
focus  on  the  sectors  of  medicine  and 
biology,  various  physical  and  chemical 
areas,  and  a  few  disciplines  of  the 
humantites  and  social  sciences. 

In  addition,  some  Max  Planck  insti¬ 
tutes  carry  out  service  functions  by 
operating  very  expensive  and  sophistica¬ 
ted  equipment,  not  only  for  their  own 
purposes  but  for  a  wider  circle  of 
scientists  not  directly  connected  with 
the  Max  Planck  institutes — for  instance 
In  the  fields  of  astronomy,  radio  as¬ 
tronomy,  and  soliu  state  physics. 

The  MPG  has  about  10,000  full-time 
employees,  of  whom  approximately  2700 
are  scientists  and  1°00  are  members  of 
the  technical  staff.  Tn  addition,  there 
are  approximately  1700  guest  scientists 
and  scholarship  holders  from  Germany  and 
1000  from  abroad  working  at  the  insti¬ 
tutes  for  various  periods  of  time,  the 
average  being  about  8  months. 


Another  organization,  the  Fraunhof¬ 
er  Society  for  Advancement  of  Applied 
Research  (Fraunhofer-Gesellschaf t  zur 
Forderung  der  Angewandten  Forschung) 
provides  an  important  transition  between 
basic  research  and  application  of  the 
resulting  technololgy.  The  society  oper¬ 
ates  29  institutes  of  its  own  and  car¬ 
ries  out  commissioned  research  and  tech¬ 
nological  development  in  the  natural 
sciences. 

An  important  part  is  also  played  by 
a  number  of  large  scientific  foundations 
in  West  Germany.  Three  of  the  most  prom¬ 
inent  of  these  are  the  Volkswagen  Foun¬ 
dation,  the  Fritz  Thyssen  Foundation, 
and  the  Donors  Association  for  Ger¬ 
man  Science  (Stif ter-Verband  fur  die 
Deutsche  Wissenschaf t) .  Often  these 
foundations  initiate  projects  and  new 
developments  that  are  later  taken  over 
by  governmental  agencies. 

Finally,  the  German  Ministry  for 
Technology  and  Research  (Bundesminister- 
ium  fur  Forschung  und  Technologie,  BFMT) 
supports  programs  and  projects  between 
academia  and  industry.  BFMT  attempts  to 
shorten  the  path  between  basic  research 
and  the  application  of  technology.  Tf 
the  industry  later  realizes  a  profit 
from  any  product  developed  under  a  BFMT- 
sponsored  project,  they  are  required  to 
reimburse  the  Ministry  for  the  research 
money  that  went  into  the  development  of 
the  product.  For  more  information  con¬ 
cerning  general  aspects  of  research  sup¬ 
port  in  West  Germany,  see  FFA’  38-3:150 
(1984). 

2  BIOMATERTALS  RESEARCH 

The  biomaterials  research  area  has 
increased  significantly  in  the  last  dec¬ 
ade.  Before  getting  into  the  specifics 
of  the  German  research  in  this  area,  it 
is  useful  to  stop  and  define  just  exact¬ 
ly  what  is  and  what  is  not  meant  by  the 
term  "biomaterial." 

A  biomaterial  is  considered  to  be 
any  material  or  substance,  either  natur¬ 
al  or  synthetic,  that  is  introduced  into 
a  human  (or  other  animal)  body  for  the 
purpose  of  measuring,  treating,  or 
otherwise  modifying  some  function  of  the 
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body.  Thus,  any  artificial  limbs, 
joints,  organs,  or  tissue  substitutes, 
and  all  of  their  constituents  are  bio- 
materials.  So  too,  blood  taken  from  one 
person  and  given  to  another  becomes  a 
biomaterial  for  the  recipient.  All  types 
of  wound  dressings,  sutures,  Implants, 
drugs,  artificial  teeth,  etc.,  are  bio¬ 
materials.  Items  constructed  from  bio¬ 
logical  material  (plant  or  animal)  but 
used  in  ways  other  than  introduction 
into  the  body  are  not  biomaterials. 

All  substances  must  meet  certain 
general  criteria  if  they  are  to  be  con¬ 
sidered  as  biomaterials.  First,  and  most 
Importantly,  the  material  must  be  bio¬ 
compatible.  That  is  to  say,  it  must  not 
be  toxic  to  the  body  nor  cause  an  aller¬ 
gic  (immune)  reaction  or  irritation. 
Secondly,  the  material  should  be  stable 
if  it  is  to  last  for  a  long  time;  or  if 
meant  to  be  temporary,  it  must  degrade 
into  products  that  are  biocompatible. 
Finally,  in  the  case  of  materials  used 
as  replacements  for  tissue,  the  strength 
and  other  properties  of  the  material 
should  be  as  close  as  possible  to  that 
of  the  tissue  being  replaced. 

In  West  Germany,  research  in  bio¬ 
materials  seems  to  be  concentrated  in 
several  medical  school-university  com¬ 
plexes,  with  little  or  nothing  being 
done  in  such  places  as  the  Max  Planck 
institutes  or  the  institutes  of  the 
Fraunhofer  Society.  The  scope  of  the 
research  will  be  examined  under  the 
following  general  topic  areas:  wound 
healing  and  tissue  repair,  drug  deli¬ 
very,  prosthetics,  and  miscellaneous. 

Wound  Healing  and  Tissue  Repair 

The  closure  oi  wounds  and  the 
repair  of  damaged  tissue  is  an  essential 
part  of  both  surgery  and  general  trauma 
care.  Rapid  healing  of  wounds — whether 
caused  by  surgery,  accidents,  or  mili¬ 
tary  operations — is  crucial  to  the  pre¬ 
vention  of  inlection  and  the  return  of 
the  patient  to  full  iunction.  Many  com¬ 
plications  can  arise  due  to  suture  mate¬ 
rial:  for  example,  fistulas  can  form. 
Tissue  around  wounds  can  separate,  and 
massive  bleeding  can  occur  if  there  are 
deficiencies  in  blood  clotting  factors. 


A  number  of  alternatives  to  sutures 
have  been  tried,  the  most  notable  being 
synthetic  tissue  adhesives  based  on 
acrylic-acid  derivatives  (Crazy  Glue  is 
a  good  example  of  this  class  of  adhe¬ 
sive).  These  did  not  fulfill  the  re¬ 
quirements  and  even  presented  some  unde¬ 
sirable  side  effects.  One  of  the  most 
active  German  biomedical  research 
groups,  the  Institut  fur  Experimentelle 
Chirurgie  (IEC)  der  Technischen  Univer- 
sitat  Munchen  (the  Institute  for  Experi¬ 
mental  Surgery  of  the  Technical  Univer¬ 
sity  of  Munich),  has  been  working  in¬ 
tensely  on  an  innovative  biological  seal 
based  on  blood-clotting  factors  and  a 
fibrinolytic  inhibitor  (see  ESN  38-11: 
569  [1984]).  The  head  of  the  research 
team,  which  is  located  in  a  large  hospi¬ 
tal  associated  with  the  Technical  Univ¬ 
ersity  Medical  School,  is  Prof.  Dr.  med. 
G.  Bliimel. 

The  technique  being  used  in  Munich 
is  called  fibrin  adhesion  or  fibrin 
gluing.  The  fibrin  glue  consists  of  two 
materials:  deeply  frozen,  noninfectious 
fibrinogen  and  thrombin  from  human  plas¬ 
ma.  The  fibrin  adhesion  technique  imi¬ 
tates  the  final  step  in  the  coagulation 
of  blood  and  the  beginning  of  the  Initi¬ 
ation  of  healing  In  wounds.  In  this  pro¬ 
cess,  fibrinogen  is  converted  to  fibrin 
by  thrombin,  and  the  polymerized  fibrin 
is  stabilized  by  factor  XIII.  Fibrin 
sticks  to  the  tissue  and  the  blood  be¬ 
gins  to  clot.  The  fibrin  network  formed 
in  a  wound  appears  to  act  as  a  scaffold 
for  the  healing  of  that  wound,  attract¬ 
ing  large  migrating  fibroblasts  and  pro¬ 
moting  the  formation  of  granulation 
tissue. 

Many  procedures  have  been  tried 
using  the  fibrin  adhesive  technique.  It 
was  found,  however,  that  the  fibrin  seal 
is  broken  down  by  proteolysis,  and  the 
glue  dissolves  faster  than  the  tissue 
can  repair  itself.  There  are,  however, 
several  fibrinolysis  inhibitors,  which, 
when  applied  directly  to  the  wound 
area,  protect  the  fibrin  from  premature 
lysis.  Notable  among  these  inhibitors 
are  aprotinin  and  tranexamic  acid. 
The  inhibitor  is  mixed  with  the  throm¬ 
bin. 
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The  IEC  group  has  used  the  fibrin 
adhesive  technique  very  successfully  for 
teeth  extractions,  tonsillectomies,  and 
other  surgery  on  patients  with  severe 
bleeding  disorders.  They  have  used  it 
for  nerve  anastomosis  (rejoining  of 
severed  nerves),  fixation  of  loosened 
joint  cartilage  and  small  cortical  and 
cortico-cancellous  bone  fragments,  re¬ 
placement  of  large  skeletal  defects  in 
combination  with  autologous  cancellous 
bone  grafts,  treatment  of  skin  ulcers  of 
various  types,  treatment  of  burns  and 
sealing  of  blood  vessels  and  intestines. 
The  group  has  also  used  fibrin  glue  to 
successfully  repair  ruptured  Achilles 
tendons,  a  condition  appearing  frequent¬ 
ly  in  physically  active  individuals. 

The  fibrin  adhesive  technique  also 
has  proven  to  be  of  tremendous  value  in 
liver,  kidney,  and  spleen  surgery.  Fol¬ 
lowing  either  surgery  or  traumas  to 
these  organs,  the  technique  has  been 
used  to  seal  functional  defects.  It  is 
especially  useful  since  suturing  is 
almost  impossible  in  the  liver  and 
spleen. 

In  general,  the  technique  of  fibrin 
adhesion  cannot  replace  surgical  sutur¬ 
ing;  it  can  be  a  helpful  adjuvant  in 
surgery,  especially  in  patients  with 
bleeding  disorders,  and  is  thus  a  par¬ 
ticularly  useful  biomaterial. 

In  yet  another  twist,  the  IEC  group 
has  combined  the  fibrin  glue  with  col¬ 
lagen  "sponges"  or  foam.  Fibrin  has  a 
natural  affinity  for  collagen.  The 
hemostyptic  effect  of  fibrin  glue  in 
combination  with  collagen  has  been 
tested  in  vivo  using  rats  treated  with 
the  anticoagulating  agent  coumadin.  In 
hemihepatectomy  (excision  of  half  the 
liver)  or  laceratior  experiments,  it  was 
found  that  the  combination  technique 
resulted  in  a  lower  death  rate  than  when 
fibrin  seal  or  collagen  foams  were  used 
separately. 

The  research  group  has  found  that 
when  the  fibrin  adhesive  has  been  used 
to  seal  various  tissues,  either  alone  or 
in  combination  with  sutures,  the  result¬ 
ing  joints  have  a  higher  tensile 
strength  than  when  the  adhesive  is  not 
used.  Use  of  the  glue  also  means  that 


sutures  can  be  placed  further  apart, 
lessening  damage  due  to  tight  sutures. 

Another  area  of  biomaterials  re¬ 
search  at  IEC  Munich  has  been  in  the 
treatment  of  burn  wounds.  Here  again, 
fibrinogen  and  thrombin  were  used,  being 
sprayed  onto  the  wounded  area.  In  addi¬ 
tion,  various  types  of  split  thickness 
skin  grafts  combined  with  the  fibrin  ad¬ 
hesive  were  also  tried.  Another  approach 
has  been  to  prepare  special  burn  dress¬ 
ings  from  bovine  collagen  and  use  them 
for  skin  replacement.  After  a  period  of 
time  (days  to  weeks)  the  collagen  is  re¬ 
sorbed,  and  the  need  to  remove  or  re¬ 
place  dressings  is  eliminated.  In  all 
of  the  above  biomaterials-oriented  burn 
studies,  the  group  is  finding  that  the 
treatment  is  superior  to  classical 
methods . 

At  the  Orthopadische  Universitat- 
sklinik  und  Poliklinik  in  Horaburg,  where 
Prof.  Dr.  H.  Mittelmeier  is  director, 
research  has  been  carried  out  on  the  use 
of  a  combination  of  collagen  and  apatite 
for  the  regeneration  of  bone.  This  re¬ 
search  has  grown  out  of  a  need  to  find  a 
suitable  way  to  enhance  the  regrowth  of 
bone  other  than  through  the  use  of  auto¬ 
logous,  allogenic,  or  xenogenic  grafts, 
each  of  which  has  disadvantages.  Tn  a 
recent  publication,  this  group  reported 
on  their  work  with  rabbits  in  which  they 
studied  bone  regeneration  aided  bv  fine¬ 
ly  dispersed  and  distributed  small 
hydroxyapatite  particles  (Katthagen  and 
Mittelmeier,  1984).  The  hydroxyapatite 
particles  were  held  in  a  carrier  medium 
consisting  of  denaturated,  depolvmer- 
ized,  and  lyophilized  collagen  produced 
from  pig  skin.  They  found  that  this 
biomaterial,  called  Collapat,  greatlv 
enhanced  the  rate  of  bone  formation  into 
bore  holes  made  in  the  femoral  condyles. 

The  mechanism  of  bone  healing 
through  collagen-apatite  is  not  vet 
clear,  and  many  questions  remain  to  be 
answered.  This  experiment  showed  that 
there  was  actual  osteoinduction  oc¬ 
curring  and  gave  substantial  credence  to 
a  large  number  of  clinical  observations 
that  have  been  made  over  the  past  few 
years.  Approximately  300  patients  have 
had  this  material  implanted  in  them  at 
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Che  hospical  in  Homburg  in  Che  lasC 
6  years.  Resulcs  have  been  good,  and  no 
adverse  effecCs  have  been  observed. 

One  of  Che  disdncC  advanCages  ChaC 
Chls  and  ocher  clinical  research  groups 
have  in  Germany,  and  several  ocher  Euro¬ 
pean  counCries,  is  a  relaCively  liberal 
policy  regarding  experimenCal  meChods 
wich  human  subjecCs.  Apparencly  Chere 
is  no  inhibiClon  Co  Che  use  of  new  tech- 
niques  in  clinical  research  if  Che 
paclencs  are  properly  informed  and  give 
consenc.  In  Che  case  of  Che  fibrin  glue, 
for  example,  more  Chan  2000  paCienCs 
were  Creaced  wich  ic  while  1C  was  sCill 
in  Che  research  sCage  and  before  ic  be¬ 
came  commercially  available. 

Likewise,  ic  is  much  easier  Co  ob- 
Cain  clssue  from  cadavers.  AlChough  ic 
is  noc  roandaCory  ChaC  Che  physician  in¬ 
form  Che  nexC  of  kin  when  an  organ  or 
some  ocher  cissue  is  going  Co  be  Caken, 
ic  is  always  done,  according  Co  several 
medical  researchers  inCerviewed. 

Drug  Delivery  Research 

In  railiCary  medicine  ic  is  ofcen 
desirable  Co  quickly  cover  a  wound,  min¬ 
imize  the  chance  for  infection,  and  in¬ 
crease  the  rate  of  healing.  Several  ap¬ 
proaches  have  been  Caken  to  this  prob¬ 
lem,  which  essentially  involves  delivery 
of  antibiotic  and  other  drugs  to  the 
site  of  the  wound  by  incorporating  them 
in  suitable  biomaterials.  Blumel  and 
his  coworkers  at  the  IEC  in  Munich  have 
developed  two  types  of  collagen  sheets 
that  can  carry  drugs  and  biodegrade 
without  leaving  toxic  by-products.  Both 
forms  of  the  collagen  are  prepared  from 
pure  bovine  collagen.  One  is  in  the 
form  of  a  thin  (about  1/16  inch),  clear 
sheet,  which  allows  the  attending 
physician  or  nurse  to  view  the  wound. 
The  other  looks  a  bit  like  a  sheet  of 
styrofoam;  it  is  white,  opaque,  and 
about  3/32-inch  thick.  The  thin,  trans¬ 
parent  material  can  ,Iso  be  used  quite 
well  for  burns,  as  mentioned  above.  In 
application,  it  is  first  soaked  in  water 
for  a  few  minutes  until  it  becomes  plia¬ 
ble.  Then  it  can  be  placed  over  the 
wound,  conforming  to  the  contours  of  the 
body.  It  "breathes,"  so  air  can  pass 


through  but  dirt  is  kept  out.  Although 
it  requires  the  addition  of  external 
moisture  from  time  to  time,  it  has  the 
advantage  that  it  does  not  have  to  be 
removed — a  major  problem  in  the  course 
of  treating  burn  injuries  because  frag¬ 
ile  skin  is  often  removed  along  with  the 
bandage.  The  collagen  film  also  provides 
a  "bridge"  for  the  growth  of  new  skin. 

Both  of  the  forms  of  collagen  can 
be  impregnated  with  drugs.  The  research¬ 
ers  have  chosen  to  use  gentamycin,  a 
broad-spectrum  antibiotic  that  is  ef¬ 
fective  against  a  wide  range  of  gram¬ 
negative  bacteria  (such  as  E.  coli, 
Klebsiella,  Pseudomonas)  as  well  as 
certain  gram-positive  ones  (especially 
staphylococci).  Gentamycin  has  a  bacte¬ 
ricidal  effect  on  proliferating  and 
resting  pathogens. 

The  thicker  collagen  can  also  be 
used  for  burns  and  for  other  types  of 
wounds,  such  as  massive  cuts  or  tears  of 
the  skin.  It  can  hold  more  drug  and 
thus  release  it  over  a  longer  period  of 
time.  This  material  can  also  be  im¬ 
planted  into  and  around  bone  during 
surgical  treatment  for  osteomyelitis  and 
other  diseases  in  which  there  is  a  high 
likelihood  of  localized  infection.  The 
collagen  is  completely  resorbed  by  the 
body  over  a  period  of  weeks  to  months, 
and  the  drug  is  delivered  during  the 
lifetime  of  the  collagen.  Since  the  US 
Navy  does  not  have  enough  skin-graft 
material  to  meet  even  peacetime  needs, 
this  line  of  research  may  have  potential 
value  to  the  tissue-bank  program. 

Infection  is  a  potential  problem  in 
many  types  of  trauma  cases  in  military 
medicine.  One  type  of  infection,  osteo¬ 
myelitis,  is  of  particular  importance 
because  many  major  fractures  are  treated 
surgically,  and  in  military  operations 
there  are  a  large  number  of  severe 
injuries  with  extensive  damage  to  soft 
tissues.  Even  in  the  best  of  operation¬ 
al  settings  and  hygienic  conditions,  it 
is  not  possible  to  always  avoid  serious 
complications  due  to  infection.  The 
rigid  matrix  of  the  bone  provides  a  good 
site  for  the  growth  of  bacteria,  espe¬ 
cially  in  areas  where  blood  supply 
is  diminished.  Chemotherapeutic  agents, 
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administered  systemically ,  cannot  pene¬ 
trate  Into  dead  bony  tissue.  It  is  most 
often  necessary  to  surgically  remove  or 
clean  out  the  Infected  area  and  place 
large  quantities  of  antibiotic  directly 
at  the  site  of  the  infection. 

At  the  B.G.  Unfallklinik  (Emergency 
Clinic)  in  Frankfurt,  a  team  headed  by 
Prof.  Dr.  med.  H.  Contzen  has  developed 
another  unique  delivery  system  for  anti¬ 
biotics  which  is  being  used  to  treat 
chronic  osteomyelitis  and  other  types  of 
infection.  Contzen  and  his  coworkers 
have  incorporated  gentamycin  in  7-mm- 
diameter  beads  of  polymethylmethacrylate 
(PMMA) .  Each  bead  contains  7.5  mg  of 
gantamycin  sulfate  as  well  as  20  mg  of 
zirconium  dioxide  as  a  radiographic  con¬ 
trast  medium.  These  beads  are  being 
marketed  by  Merck  under  the  name  Septop- 
al.  Septopal  has  been  registered  in  all 
European  countries  and  most  South  Ameri¬ 
can  countries  and  has  recently  been  ad¬ 
mitted  by  the  US  Food  and  Drug  Admini¬ 
stration  for  investigation  of  a  new 
drug. 

In  use,  the  PMMA  beads,  containing 
the  antibiotic,  are  usually  strung  to¬ 
gether  on  a  strand  of  multifilament  sur¬ 
gical  wire  to  form  a  string  of  10,  30, 
or  60  beads  (Figure  1).  In  the  case  of 
infected  bones,  the  string  (of  suitable 
length)  is  surgically  implanted  into  the 
bone  cavity  and  left  in  place  for  7  to 
10  days  (Figure  2).  The  last  bead  is 
often  left  protruding  through  the  skin 
to  facilitate  removal,  which  is  done  by 
pulling  the  remaining  chain  out  using  a 
slow  steady  force.  The  chains  are  not 
left  in  longer  because  of  the  danger  of 
connective  tissue  ingrowth. 

There  are  several  reasons  that 
gentamycin  is  the  antibiotic  of  choice 
for  combination  with  PMMA,  or  collagen 
as  used  in  Municn  and  Garmisch: 

•  It  Is  a  broad  spectrum  antibiotic 

•  Very  few  pathogen  •  can  resist  it 

•  The  development  ■  subsequent  resist¬ 
ance  is  infrequent 

•  There  are  essential.1'/  no  allergic  re¬ 
actions  to  it 

•  It  has  good  stability,  even  at  high 
temperatures 

•  It  has  good  solubility  in  water. 


Figure  1.  Gentamycin-PMMA  beads.  The 
beads  are  spherical,  with  a  diameter  of 
7  mm.  They  are  supplied  singly,  or 
strung  on  a  metal  wire  in  units  of  10, 
30,  or  60  beads. 


Figure  2.  Centarayc i n-PMMA  beads  im¬ 
planted  in  the  cavity  of  an  infected 
femur. 


The  use  of  PMMA  as  a  carrier  for  genta- 
mycln  has  several  advantages.  First  of 
all,  it  permits  a  protracted  release  of 
the  drug  In  bactericidal  concentrations 
at  the  site  of  infection  (Figure  3). 
Secondly,  the  gentamycin  does  not  infuse 
into  the  serum  in  spite  of  high  local 
concentrations. 

The  local  implantation  of  Septopal 
chains  in  infected  bone  and  soft  tissue 
cavities  permits  a  very  effective  local 
antibiotic  treatment,  independent  of  the 
extent  to  which  the  surrounding  tissue 
is  supplied  with  blood.  The  release  of 
the  antibiotic  gentamycin  from  Septopal 
beads  takes  place  directly  at  the  site 
of  the  infection  by  diffusion  in  concen¬ 
trations  which  far  exceed  the  minimum 
inhibitory  concentration  for  the  causa¬ 
tive  organisms. 

One  of  Contzen's  coworkers.  Dr. 
Klaus  Klemm,  has  reported  successfully 
using  Septopal  chains  to  cure  chronic 
bone  infection  and  infected  pseudar- 
throses  (Klemm,  1983).  He  has  done 
cancellous  bone  grafting  into  areas  that 
were  formerly  quite  infected  but  cleared 
up  with  the  use  of  the  beads.  In  fact, 
since  1973  almost  2000  cases  of  local 
infection  have  been  treated  with  Septop¬ 
al  chains.  This  seems  characteristic  of 
a  number  of  German  laboratories  that  I 
visited,  indicating  a  lead-time  of  5  to 
10  years  or  more  over  the  US  for  the 
introduction  of  a  medication  or  thera¬ 
peutic  technique. 

Other  clinical  research  institutes 
were  found  to  be  heavily  engaged  in  re¬ 
search  similar  to  that  in  Frankfurt, 
with  similar  results.  Dr.  Helmut  Wahlig 
of  the  Department  of  Medical  Microbiol¬ 
ogy  at  Merck  in  Darmstadt,  has  reported 
on  the  development  of  a  miniature  ver¬ 
sion  of  the  Septopal  beads  (Wahlig  and 
Dingeldein,  1983).  These  mini-beads  are 
3.5  mm  in  diameter  and  are  being  used  in 
situations  where  the  normal  beads  are 
too  large — hand  surcery,  face  and  oral 
surgery,  and  pediatric  cases. 

At  the  Unfallchirurgische  (Accident 
Surgery)  Klinik  und  Zentrum  fur  Chirur- 
gie  of  the  University  of  Giessen,  Prof. 
Ecke  and  his  staff  have  tried  another 


Figure  3.  Gentamycin  release  from 
septopal  beads  (pg/bead/day)  over  a 
period  of  80  days. _ 

tack  in  trying  to  combat  osteomyelitis 
(see  Schultheis,  et  al.,  1981).  They 
have  recognized  some  shortcomings  in  the 
PMMA  delivery  system  and  have  incorpora¬ 
ted  gentamycin  in  a  fast-hardening  ami¬ 
no  acid  solution,  Ethibloc  (being  pro¬ 
duced  by  Ethicon  Company,  Hamburg).  This 
biomaterial  has  several  distinct  advan¬ 
tages  over  the  PMMA.  It  is  not  necessary 
to  remove  any  portion  of  it  as  is  the 
case  with  the  Septapol  beads.  It  does 
not  leave  a  cavity,  but  rather  is  re¬ 
sorbed  or  replaced  with  fibrous  tissue. 
In  tests  on  rats,  the  Ethibloc  has  been 
injected  into  the  marrow  cavity  of  the 
femur.  After  41  days,  there  was  still 
antibiotic  activity  at  the  site  of  the 
injection.  This  work  continues,  and 
human  trials  have  been  in  progress  for 
about  2  years. 

Schultheis  also  has  used  Ethibloc 

as  an  embolizing  agent  and  drug  carrier 
in  the  treatment  of  several  types  of 

tumors  (Schultheis  et  al.,  1982,  and 
Schultheis,  1983).  With  this  technique, 
the  arterial  blood  supply  to  the  tumor 
is  blocked  by  the  embolizing  agent  and 
at  the  same  time  a  cytostatic  agent  is 
slowly  released.  There  are  several 
indications  for  this  type  of  "chemoem- 

bolization,"  as  Schultheis  calls  it — for 
example,  it  can  be  used  preoperatively 
to  reduce  the  size  of  the  tumor  or 

postoperatively  to  kill  any  remaining 
tumor  tissue.  The  technique  is  especial¬ 
ly  suited  to  urological,  gynecological. 


gastroenterological,  and  bronchial  tu¬ 
mors,  as  veil  as  of  tumors  of  the  head 
and  neck. 

There  are  several  other  laborator¬ 
ies  in  West  Germany  that  are  very  active 
in  the  use  of  these  and  other  biomateri¬ 
als  in  drug  delivery.  Notable  among 
these  are: 

Department  of  Traumatology 
Berufsgenossenschaf tliches  Unfallkran- 
kenhaus 
Hamburg 

Orthopadische  Universitatsklinik 
Munster 

Surgical  University  Clinic  and  Policlin¬ 
ic 

Munich 

Surgical  Department 

Jung-Stilling-Krankenhaus 

Siegen 

Department  of  Surgery 
Bundeswehrzentralkrankenhaus  Koblenz 
Koblenz 

Centrum  Chirurgie  Klinikum  der  Universi- 
tat 

Frankfurt  am  Main 

At  the  Department  of  Traumatology, 
University  Hospital  for  Surgery  in 
Cologne,  Dr.  med.  J.  Eitenmuller  and 
colleagues  have  been  very  active  in  re¬ 
search  using  hydroxyapatite  granules  to 
contain  and  deliver  antibiotics.  In 
their  studies  with  dogs,  they  found  that 
the  ceramic  granules  were  superior  to 
other  methods  for  delivering  antibiotics 
or  antiseptics  In  tne  treatment  of  oste¬ 
omyelitis  (Eitenmfiller  et  al.,  1984, 
1985). 

Prosthesis 

One  of  the  most  active  areas  of 
biomaterials  research  is  that  dealing 
with  artificial  limbs  and  organs.  The 
basic  research  aspects  of  these  devices 
most  often  center  around  the  interac¬ 
tions  that  take  place  at  the  interface 


between  the  implanted  device  and  the 
body  tissue.  It  is  not  enough  for  the 
constituent  material  to  be  biocompatible 
in  the  sense  given  earlier,  often  it 
must  have  very  specific  properties.  For 
example,  the  material  used  for  artifi¬ 
cial  blood  vessels  or  in  heart  chambers 
and  other  places  where  it  comes  into 
contact  with  blood  must  not  allow  the 
blood  to  adhere  as  this  leads  to  the 
formation  of  clots.  On  the  other  hand, 
material  used  for  grafting  bone  should 
have  a  good  affinity  for  bone,  and  even 
promote  the  ingrowth  of  new  bone  into 
it.  In  the  latter  case  we  might  think 
of  the  material  as  being  tissue-phillc 
and  in  the  former  case,  tissue-phobic. 

The  implantation  of  artificial 
joints — particularly  hips,  knees,  and 
elbows — is  becoming  a  major  orthopedic 
procedure.  One  of  the  primary  problems 
with  the  implantation  of  hip  joint  pros- 
theses  has  been  the  aseptic  loosening  of 
the  joint  at  some  point  following  the 
replacement  surgery.  This  may  occur  at 
any  time  from  a  few  months  to  a  few 
years  later.  In  West  Germany  there  are 
two  new  advances  that  may  have  a  signif¬ 
icant  impact  on  hip-joint  surgery. 

The  usual  procedure  for  attaching 
the  joint  is  to  cement  it  in  place  in 
the  femur.  This  cement  often  gives  way 
as  it  "ages,"  and  surgery  is  usually 
required  to  re-cement  the  joint.  At  the 
University  of  Giessen  School  of  Medi¬ 
cine,  Prof.  Dr.  med.  Ecke  heads  a  re¬ 
search  team  that  is  studying  an  entirely 
new  way  to  hold  the  joint  in  place. 
Using  computer  simulation,  they  have 
devised  a  cementless  joint  with  a  raised 
portion  that  acts  as  a  resistive  point 
and  does  not  allow  the  joint  to  come 
loose  once  it  has  been  screwed  into  the 
femur.  This  new  prosthesis  is  being 
tested  in  the  clinic  at  Giessen  and  at 
several  other  clinics  in  West  Germany. 
According  to  Ecke,  not  one  joint  has 
loosened  out  of  about  200  implanted  thus 
far.  This  is  not  an  example  of  a  new 
biomaterial,  but  of  a  new  method  of  fab¬ 
ricating  an  existing  material. 

Another  example  was  found  at  the 
Orthopadische  Universitatsklinik  und 
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Poliklinik  in  Homburg,  where  H.  Mittel- 
meier  is  director.  More  than  25  years 
ago,  Mittelmeier  suggested  that  an 
increase  in  the  surface  area  of  the  stem 
of  the  hip  prosthesis  would  solve  the 
problem  of  loosening  of  the  implant.  He 
reasoned  that  this  would  promote  the 
ingrowth  of  bone  and  improve  the  distri¬ 
bution  of  forces  below  the  critical 
resorption  threshold,  thereby  effecting 
a  balance  between  load  and  structure  and 
preventing  prosthetic  loosening.  He  and 
his  colleagues  proposed  to  accomplish 
this  by  incorporating  projections  and 
recesses  into  the  prosthetic  surface, 
and  by  replacing  PMMA,  most  frequently 
used  then,  with  a  fracture-  and  wear- 
resistant  biomaterial  (metal-on-poly- 
ethylene,  later  abandoned  in  favor  of 
aluminium  oxide  ceramic). 

Over  the  years,  the  group  in  Hom¬ 
burg  has  studied  the  somewhat  controver¬ 
sial  problem  of  "cement  aging"  due  to 
fatigue.  They  have  found  that  there  is 
a  steady  decline  in  the  strength  of  the 
cement  up  to  about  15  million  load 
cycles  (I  year  equals  approximately 
1  million  cycles).  This,  they  believe, 
accounts  for  the  frequent  failure  of 
cemented  prostheses  after  several  years 
of  service. 

The  two  prostheses  that  Mittelmeier 
and  his  colleagues  have  developed  are 
shown  in  Figure  4,  and  are  known  as 
Autophor.  The  design  on  the  left,  known 
as  Type  I,  is  made  of  cobalt-chromium 
alloys  and  has  parallel  ridges  cut  along 
the  stem  to  distribute  the  load.  In  use, 
bone  tended  to  grow  into  the  depressions 
and  provide  a  good  tight  fit.  In  theory, 
the  device  should  fit  tighter  and  tight¬ 
er  with  time  if  implanted  into  a  young 
to  middle-aged  per 'on. 

Their  Type  I.  ,  shown  on  the  right, 
is  made  of  a  high-strength  cobalt-chro¬ 
mium  cast  alloy  known  as  "Endocast"  and 
manufactured  by  Krupp  AG  of  Germany.  It 
has  twice  the  faf  :(,ue  strength  of  the 
traditional  Co-Cr  alloys  and  is  more 
corrosion-resi stant  than  stainless  steel 
or  titanium  alloys  (Mittelmeier,  1984). 

During  the  past  10  to  20  years, 
various  groups  of  German  manufacturers 


Figure  4.  "Autophor"  ceramic  and  cobalt- 
chromium  hip  prostheses,  developed  by 
Ecke:  (a)  Type  II  stem  with  transverse 
bearing  ribs,  (b)  Type  IT  stem  with 
depressions  into  which  new  bone  grows. 

and  clinicians  have  done  extensive  re¬ 
search  on  the  use  of  aluminum  oxide 
ceramic  as  a  prosthetic  material  (Dorre 
et  al.,  2975;  Mittelmeier  et  al.,  1980; 
Griss  et  al.,  1973;  Salzer  et  al., 
1975).  The  research  in  Homburg  centered 
around  a  ceramic  known  as  "Biolox," 
manufactured  by  Feldmuhle  AG.  This  is 
used  for  the  "head"  of  the  device,  con¬ 
sisting  of  the  ball  and  its  socket. 

Biolox  is  an  aluminum  oxide  ceramic 
with  an  AI2O3  content  of  99.7  percent 
and  a  maximum  grain  size  of  4  microns. 
The  prosthetic  components  are  produced 
from  polycrystalline  powder  by  sinter¬ 
ing.  Biolox  has  certain  advantages,  such 
as  purity,  density,  and  small  grain 
size,  that  make  it  ideal.  Tts  surface 
can  also  be  polished  to  a  perfect 
smoothness,  a  feat  not  possible  with 
metal  surfaces.  A  further  advantage  is 
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found  in  the  extremely  low  wear,  which 
is  only  about  1/10  to  1/20  of  that  of 
the  metal-polyethylene  that  has  been 
used  very  widely.  Laboratory  tests  have 
shown  that  the  ceramic  material  should 
retain  its  excellent  wear  resistance  for 
several  decades,  and  perhaps  for  a  life¬ 
time. 

There  have  been  a  number  of  biocom¬ 
patibility  experiments  of  the  ceramic 
involving  cell  cultures,  and  test 
implantations  in  rats  and  rabbits  have 
shown  it  to  be  very  compatible 
(Harms  and  Mausle,  1980;  Griss  et  al., 
1973). 

The  cement  less  Autophor  system  is 
of  interest  to  military  medicine  because 
it  lends  itself  best  to  applications  in 
younger  people,  who  are  generally  con¬ 
sidered  poor  candidates  for  standard  ce¬ 
mented  prostheses  since  they  have  a  long 
life  expectancy.  Cemented  prostheses  are 
now  being  reserved  for  older  patients 
who  are  not  likely  to  live  long  enough 
to  outlast  the  cement. 

At  the  Garmisch-Partenkirchen  Hos¬ 
pital,  a  team  headed  by  Prof.  Dr.  med. 
F.  Lechner  has  attacked  the  problem 
another  way.  Dr.  R.  Ascherl  of  his 
group,  who  has  a  lot  of  experience  with 
the  use  of  electrical  stimulation  of 
bone  growth,  realized  that  the  interface 
between  the  surface  of  the  implant  and 
the  bone  resembles  a  nonunion  and  thus 
might  be  looked  upon  as  a  type  of 
pseudarthrosis  between  biomaterial  and 
osseous  (bony)  tissue. 

For  the  past  11  years,  Ascherl  and 
coworkers  have  conducted  a  study  invol¬ 
ving  more  than  600  patients  with  cement¬ 
ed  prostheses  who  were  scheduled  for 
reoperation  to  c  erect  a  loosening 
joint.  They  tre.v.r  .  the  patients  with 
the  same  pulsing  ragnetic  field  that  is 
being  used  for  bora:  stimulation.  Adjust¬ 
able  tlr.i  spec:  ..  shaped  coils  were 
placed  arojnd  the  h.n  joints,  and  treat¬ 
ment  was  given  2  tr  hours  per  day  for 
an  average  of  lb.',  weeks.  The  results 
of  the  treatment  were  measured  in  terms 
of  the  level  and  occurrence  of  spontane¬ 
ous  pain,  pain  while  walking,  use  of 
crutches,  distance  of  walking,  and  dos¬ 
age  of  pain  ki.iers  required.  F.xcellent 


results  (painless  walking  without 
crutches)  were  obtained  in  26  percent  of 
the  patients.  Good  results  were  shown 
for  a  further  41  percent  of  the  group. 
There  was  no  improvement  In  33  percent, 
who  then  went  on  to  have  further  sur¬ 
gery;  some  prostheses  had  to  be  reim¬ 
planted.  Thus,  67  percent  of  the  pa¬ 
tients  avoided  surgery  through  the  use 
of  the  pulsing  electromagnetic  fields. 
The  maximum  follow-up  has  now  been 
11  years,  and  there  have  been  no  reoc¬ 
currences  of  loosening  joints  in  most  of 
the  treated  cases.  This  type  of  treat¬ 
ment  seems  to  be  indicated  and  most  suc¬ 
cessful  in  cases  with  a  painful  loosen¬ 
ing  soon  after  implantation.  Septic 
loosening,  fractured  cement,  and  dislo¬ 
cation  of  the  implants  have  to  remain 
the  domain  of  surgery. 

Recently,  Ascherl,  who  also  works 
in  Blumel’s  group  at  TEC  Munich,  has 
experimented  with  a  new  biological  pros¬ 
thesis  made  from  tendon  and  ligament 
tissue.  He  and  his  team  (Ascherl  et 
al.,  1985)  have  developed  a  preservation 
procedure  whereby  they  can  take  liga¬ 
ments  and  tendons  from  one  animal,  pre¬ 
serve  the  tissue  for  a  time  (several 
days,  at  present),  and  later  use  it  to 
replace  ligaments  and  tendons  in  another 
animal.  The  preserving  agents  they  use 
are  primarily  dlcarboxcy lie  acids, 
ficine  and  tetrahydric  furane.  Initial¬ 
ly,  their  experiments  started  with  rab¬ 
bits,  replacing  a  ligament  of  the  hind 
leg  and  a  tendon  of  one  of  the  flexor 
muscles.  In  their  first  study,  23  rab¬ 
bits  received  a  ligament  prosthesis 
using  the  preserved  tendon.  Fixation 
was  by  way  of  small  instrumentation 
screws  and  washers. 

After  3  months,  the  rabbits  were 
sacrificed  and  the  results  examined  by: 
(1)  macroscopic  and  microscopic  morphol¬ 
ogy,  (2)  microradiography,  and  (3)  bio¬ 
mechanical  testings.  The  col lagenolyt ic 
activity  was  assayed  by  the  degradation 
of  tritium-labeled  collagen  type  I  with 
prosthesis-incubated  modified  medium. 
There  was  no  evidence  of  joint  damages 
or  instabilities  and  no  allogenic  reac¬ 
tions.  Seventy-five  percent  of  the  1 iag- 
ament  prostheses  were  ensheathed  bv 
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fibrous  connective  tissues  and  showed 
good  ingrowth  at  the  suture  lines.  The 
balance  were  partly  degraded  and  partly 
substituted  through  ligament-like  con¬ 
nective  tissue.  There  was  a  slight  de¬ 
crease  in  the  breaking  strength. 

Some  similiar  experiments  have  also 
been  carried  out  in  sheep  using  pre¬ 
served  calf  tendons  to  replace  knee 
ligaments.  The  results  were  very  encour¬ 
aging,  with  good  attachment  to  the  bone 
and  good  biocompatibility .  It  appears 
from  these  early  animal  experiments  that 
this  group  in  Munich  is  well  on  the  way 
to  solving  another  crucial  biomaterials 
problem  that  occurs  often  in  sports  and 
other  physical  activities,  such  as  mili¬ 
tary  operations. 

Another  type  of  ligament  replace¬ 
ment  is  being  tried  by  Ecke  at  the 
University  of  Giessen  (Ecke,  1985). 
They  have  taken  part  of  the  ligament  of 
the  kneecap,  combined  it  with  a  resorba¬ 
ble  suture  material  (polydioxanone) ,  and 
used  it  to  augment  damaged  anterior  cru¬ 
ciate  ligaments  (which  attach  the  femur 
to  the  tibia).  They  have  so  far  studied 
more  than  15  patients  with  excellent 
follow-up  after  more  than  33  months. 
They  have  also  used  another  resorbable 
suture  material,  polyglactin  910,  for 
the  replacement  of  knee  ligaments  in 
three  animal  studies  involving  rabbits 
and  sheep.  In  some  cases,  results  were 
very  good,  but  in  others  not  too  encour¬ 
aging.  These  are  examples  of  autologous 
substances  being  mixed  with  a  synthetic 
material  to  form  a  biomaterial. 

Ascherl  (in  Munich)  has  experiment¬ 
ed  with  carbon  fiber  reinforced  resin 
(CFRR) ,  a  new  biomaterial,  as  the  mate¬ 
rial  for  making  the  cup  of  a  hip  pros¬ 
thesis.  He  used  ceramics  for  the  ball 
and  steel  alloy  for  the  stem.  Using 
dogs,  he  studied  the  ingrowth  of  bone 
into  the  outer  surface  of  the  cup  and 
found  It  to  be  very  good,  as  was  the 
biocompatibility.  •  arbon  fiber  compos¬ 
ites  are  already  in  use,  and  this  repre¬ 
sents  a  departure  in  a  continuing  at¬ 
tempt  to  find  a  better  biomaterial  for 
use  in  fabricating  the  parts  of  the 
joint  implants.  A  number  of  other  lab¬ 
oratories  in  West  Germany  are  studying 


the  use  of  carbon  fibers  as  biomateri¬ 
als.  I  learned  of  research  at  the  Uni¬ 
versity  of  Ulm,  but  was  unable  to  visit 
them  to  get  more  information.  It  is 
interesting  to  note  that  the  CFRR  has 
been  used  also  in  machinery  and  space 
technology. 

Miscellaneous  Implants 

There  are  a  number  of  situations 
calling  for  implants  in  trauma  medicine, 
especially  in  orthopedic  medicine.  Here 
the  science  of  biomaterials  again  plays 
a  major  role.  This  area  has  called  upon 
the  talents  of  the  metallurgist,  the 
chemist,  and  the  biomedical  engineer. 
For  many  years,  the  most  widely  used 
material  was  stainless  steel,  due  pri¬ 
marily  to  its  strength  and  high  resist¬ 
ance  to  corrosion.  Titanium  has  been 
widely  used,  either  alone  or  in  combina¬ 
tion  with  other  metals.  During  the  past 
10  to  20  years,  ceramics  have  come  to  be 
the  material  of  choice  in  many  situa¬ 
tions  previously  the  domain  of  metals. 
West  German  scientists,  physicians,  and 
bioengineers  are  considered  to  be  in  the 
forefront  of  research  into  the  use  of 
ceramics  as  biomaterials.  In  large  meas¬ 
ure,  the  ceramics  get  most  of  their 
use  in  oral  reconstruction,  following 
either  trauma  or  surgery  to  the  jaw  and 
teeth.  Ceramics  are  also  now  considered 
the  material  of  choice  for  those  appli¬ 
cations  such  as  the  ball  and  cup  of  the 
hip  and  elbow  joints.  These  are  places 
that  are  subject  to  a  lot  of  wear.  Ce¬ 
ramics  generally  wear  better  than  metal 
and  give  off  fewer  particles  due  to 
friction.  In  those  areas  where  ingrowth 
of  tissue  is  desired,  ceramics  again 
are  used  since  the  porosity  can  be  con¬ 
trolled  during  its  manufacture,  and  tis¬ 
sue  ingrowth  is  highly  dependent  upon 
porosity  (see  ESN  39-6:247  [1985]). 

German  physicians  and  bioengineers 
have  developed  a  number  of  unique  ortho¬ 
pedic  methods,  as  has  been  mentioned. 
One  reason  for  their  success  may  be  the 
freedom  they  have  in  trying  new  ideas 
on  patients.  As  early  as  1940,  Ger¬ 
hard  Kuentscher  developed  a  technique 
for  stabilizing  fractures  of  the 
femur. 


Kuentscher’s  original  technique 
called  for  placing  a  long  steel  "nail" 
in  the  entire  length  of  the  Intramedul¬ 
lary  canal  of  the  femur.  He  later  Im¬ 
proved  upon  this  technique  by  making  an 
Interlocking  nail.  This  called  for 
screws  passing  through  the  bone  shaft 
and  through  the  nail  to  hold  it  in  place 
(Figure  5) .  The  interlocking  nail  was 
developed  in  collaboration  with  Dr. 
Klaus  Klemm  and  Dr.  H.  Schellman  at  the 
B.G.  Unfallklinik  in  Frankfurt  (Klemm, 
1977). 

The  use  of  Kuntscher’s  interlocking 
nailing  method  as  modified  by  Klemm  and 
Schellman  allows  for  the  stabilization 
of  fragmented  fractures,  spiral  frac¬ 
tures,  severely  comminuted  fractures, 
and  transverse  fractures  in  bone  seg¬ 
ments  with  wide  medullary  canals.  The 
great  degree  of  stabilization  can  be 
attributed  to  the  use  of  fixation  screws 
proximal  and  distal  to  the  fracture 
site,  anchoring  the  nail  to  the  bone 
segments  capable  of  bearing  the  load 
(see  Figure  1).  Furthermore,  the  design 
of  the  interlocking  nailing  system 
eliminates  the  threat  of  stress  concen¬ 
trations,  distributing  these  disruptive 
forces  throughout  the  length  of  the 
nail.  The  main  advantages  of  the  inter¬ 
locking  nail  are  as  follows:  it  permits 
early  weight  bearing;  opening  of  the 
fracture  site  is  not  necessary,  there¬ 
fore  there  is  less  danger  of  devitali¬ 
zation  of  bone  fragments;  infection  is 
less  likely  to  develop;  and  removal  of 
the  nail  is  a  minor  procedure  compared 
to  removing  a  plate. 

This  technique,  first  developed  in 
Germany,  is  now  is  use  throughout  the 
Western  world.  The  technique  that  lends 
itself  well  to  some  of  the  types  of  leg 
fractures  that  are  likely  to  occur 
during  military  operations. 

3  SUMMARY 

West  Germany  is  one  of  the  leading 
countries  in  Europe  for  research  in  bio¬ 
materials.  Researchers  have  developed  a 
number  of  new  techniques  and  methods 
utilizing  a  wide  range  of  synthetic  and 


Figure  5.  The  "interlocking  nail"  de¬ 
veloped  at  the  B.G.  Unfallklinik.  Note 
the  screws  that  hold  the  nail  in  place. 


natural  materials  for  use  in  medicine. 
Exotic  ceramics,  metals,  and  plastics 
are  being  used  both  in  animals  and  in 
humans  for  such  things  as  tissue  repair, 
wound  coverings,  drug  delivery,  and 
prostheses.  The  West  German  scientists, 
bloengineers,  and  clinicians  are  very 
aggressive  in  attacking  new  problems 
related  to  the  use  of  biomaterials  in 
therapy. 
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